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ABSTRACT 


A  egudy  was  mad®  to  determine  she  feasibility  of  using  the 
energy  of  propellant ‘to  perform  a  percutaneous  inoculation  (ad¬ 
minister  medication  through  the  skin  without  an  incision)  ,  A  PAD 
Percutaneous  unit  was  designed,  fabricated,  and  tested  In  the  lab* 
oratory,  this  unit  was  3— 3/B  in.  long  by  7/8  in.  diameter,  Xt  vae 
powered  by  a  modified  T1AE2  electric  ignition  element,  and  used  • 
0.0051  inch  diameter  sapphire  nozzle.  Twenty  firings  were  made  in 
the  laboratory,  demonagrating  the  feasibility  of  this  PAD  percu* 
taneous  inoculator. 

It  is  recommended  that  continued  itudies  and  testing  be  per* 
formed  to  perfect  and  make  available  an  automatic  PAD  percutaneous 
inoculation  unit  for  field  use. 
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jsuk&WORD 


The  research  work  described  in  this  report  was  performed  by  the 
frankford  Arsenal,,  y  ,S .  Army  iiuntfciarL.s .  Command,  Philadelphia,.,  Penna. , 
and  was  sponsored  by  the  17. S. Army  Research  Pffice-Durham,  Durham, 
tf*  C»  The  wark  Vas  accomplished  Under  Army  research  project  order 
AROD  N-6-62,  dated  IS  January  196 J«  Dr.  Sherwood  Cithena,  Jr.,  Deputy 
Chief  Scientist  of  the  Army.'  Research  Office  was  the  project,  officer. 

The  research  program  was  conducted  from  January  1962  to  July  1962* 
and  vs#  carried  out  by  the  Pltman»Duna  laboratories.  Research  and  De¬ 
velopment  Croup,  Frankfurt}  Arsenal,  under  the  direction.  of  Mr.  Charles 
J.  Lit*,  Jr,  project  engineer  and  chief  investigator. 

Contributors  were: 

•  « 

hr*  R,  Connafd,  Frankford  Arsenal,  Philadelphia  37,  Pa. 

Mr.  P.  Rerney,  F**nkferd  Arsenal,  Philadelphia  37, ;  Ps« 

Mr.  T.  McNally,  Frankford  Arsenal,  Philadelphia  37,  Pa, 

Mr.  L.  Stiefel,  Frankford  Arsenal,  Philadelphia  37,  Pa. 

Mr.  A,  Ismach,.  Medical  Equipment  Development  Laboratory, 

Fort  Totten,  Flushing  59,  Long  Island,  N.  Y, 

Lt  Col  E.  L.  lueseher,  Medteal  Corps.  Waiter  Reed  Army. 'Institute 
of  Research,  Washington  25,  D.  C. 

Capt  f*. Cardigan,  Medical  Corps,  K41 ter  Reed  Army  Institute  of 
,  Research,  Washington  23,  0.  C. 


,Jf.NTRODUCl£J£>N 


Ths  #4minieet3tiri'  of  medication  through  the.  akin  (hath  ch« 
epidermis  and  deri'l#)  tit.o  the  subcutaneous  ttsSUa,  without  an  in¬ 
cision,  ts  known  as  percutaneous  ifipe«lafcion  and  ha*  been  used  by  * 
medical  personnel  for  some  time.  In  each  Inoculations,  the  medio 
eatlon  Is  forced  through  4  small  tiozuje  {placed  next  to  the  shin 
or  epidermis)  which  direct*  the  liquid  medication  Into  a  fine  )et(  * 
enabling  *kin  penetration.  Recently,  tha  Medical  Shipment  Je- 
velopmeftt  laboratory  (MKPT») ,  Fort  Tot.fcep,  We.w  1fe*k,  has  develop  Ad 

*n<5  satisfactorily  : emonstrated,  and  nou  vde*  a  hand-held,  hy¬ 
draulically  leaded,  electrically  powered,  manually  operated  In¬ 
jection  gut»  t#  inoculate  grdupa  of  people. A  medication-^  ."  . 

Inleetf.Bfl  derice  silcji  ft*  this,  hut  which  vonl.t?  function  automat¬ 
ically  and  affectively  utfmiuister  medication  percutaneous ly, 
would  have  definite  advantages  ip  both  field  Sfervhca  «n&  space 
*  travel. 

Irankford  Arsenal  personnel  conseiv&d  the  idea  of  employing 
conventional  splld  propellant  as  «  primacy  source  Of  epergy  for 
CUCh  «  device.  Based  on  this  concept,  *  patent  disclosure  was 
issued  and  a  technical  propest!  vos  drafted  end  forvsrded  to  the 
IT .  S  ,  «*  vw<V  Research  Offict-SurbjMIl  (AROfiJ  fo?  Cells  ide  rot  ion.  Sub¬ 
sequently,  AB.OD  authorised  Fcankford  Arsenal  to>  study  such  •  device 
by, establishing  Research  Project  H-g-ft,  for  Percutaneous 

Inoculation  i1' 

At  the  request  o#  ARC®,  Frankford  Arsenal  p«rj©nnel  from  the 
Propellant.  Actuated  Device#  Civisiou  Visited  the  Walter  ftCed  Atmy 
Institute  of  Research,  Washingt**,  fi,  C,,  and  discussed  thuprojoet 
with  medical,  personnel.  At  that  time  it.  vua  pointed  ©ut  by  the 
medical  personnel  that  a  PAD  petedtareoo#  injection  unit  vhich 
could  be  worn  strapped  t:o  the  body  sf  tie  (oldtlC  I©  the  field 
and  which  would  sense  the  presence  of  netVO  gas  and  automatically 
injeet  atropine  into  the  so'idier  under  t.he  p&tv#  gas  attack,  would 
have  definite  advantages  and  could  gain  wfd®  U&S,  if  pttCfsCted*. 
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INITIAL  SiUBY 


AT  the  unset  of  the  project  and  in  the  interact  ©£  OCOttOmy 
(funds  and  t;i*ae)  ,  It  was  derided  to  use  the  papphlre  nossie  of  tl»8 
2tg£>ia  injection  gnu*  Such  •  npzclc  was  obtained  end  became  *  part 
of  the  Pad  ptttuf.ancwM  unit  ^figure  1).  In  addition  to  eh*  nozzle# 


*See  REFERENCES# 


Htp@$,ifie  operational  parameters  pf  the  hypodermic  jet  Inject&ftp 
apparatus  were  also  obtained  from  JflJDL.  The  significant  data  «b*» 
tanned  are  listed  in  Appendix  A. 

Using  the  Spying  l*>rce  and  the  area  of  fcha  plunger  piston,  tfc*  '% 
pressure  developed  within  the  J1EDL  unit  wad  computed*  The  Initial 
ptessute  ts  *100  psi;  the  final  pressure,  after  <5.35?  inch  afctek»* 

As  455  pit.  it  was  assumed  that  if  the  FAS  Unit  developed  the 
pressure  profile  a#  the  ifEBt,  unit,  the  required  free  Stream  Veleft- 
ity  necessary  £cf  Pfttcwtaneeu*  Inoculation  would  b%  attained* 

Based  ©ft  the  ef  hre,  pressure  and  volume  relationships  we it 
Calculated  for  p" Reliant  for  the  FAS  percutaneous  unit*  using  the 
perfect,  fas  latf  and  an  isantrfiplc  analysis.  Details  o£  thin  atfsl" 
ynls  are  presented  1ft  Appendix  h. 


BfSIGN  OF  COMPONENTS 


After  the  ptepellant  analysis  (Appendix  B)  was  completed,  C 
laboratory  test  model  «f  the  PAD  percutaneous  unit  val  designed  With 
«u  initial  propellant  chamber  of  0.32  in. 3.  As  fabricated*  the  tAJ) 
unit  (figures  2*  2,  and  4)  contained  a  moveable  pisttlt  and  «  i  CC 
(0.041  (A/)  liquid  medication  chamber. 

The  unit  was  Resigned  to  the  initial  volume  could  h<*  Varied  by 
Inserting  *lftg*type  slogs.  Te  assure  protection  of  the  no z ale  from* 
high  peak  prasluv#.  It  was  decided  to  test  fire  the  tiftlt  flrsc’vfCtk 
tiie  largest  Initial  vatu®e*  For  a  given  propellant  charge*  the 

Ittger  volume  wOuld  reiujt  in  a  smaller  pressure, 

Troa  the  sfress  tflAI/s is  performed  (Appendix  G) ,  it  Was  tilt 
that  the  2A0  test  unit  was  over-designed.  Thus*  the  need  for  da* 
•inning  a  amallet*  more  soap act,  FAD  percutaneous  unit  fog  future 

use  waf  opponent* 


TESTING 


for  tht  purpes*  of  laboratory  testing,  a  standard  Ignttfo* 
•lament,  the  T1AS1*  was  modified  and  used.  Figure  5  it  a  cross* 
feet: !©i»  Vltttf  of  the  modified  T14E2 .  By  means  of  this  msdif IsatlAn, 
energy  of  the  Standard  I1&E2  IgA  It  fen  element  (which  has  *  1*1/} 

grain  |©*4  styphnatt  pallet:)  tfas  implemented  wi£h  three  grains  of 
bid  bell  propellant  loaded  i*  a  caliber  .22  rim  fir©  cartridge  case* 
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ff»g*5e  2.  Concept  drawing,  UfeoffAtOty  ‘£efi&  t\biS  Vfrlabft  *«*«rnS*  ^»lu-ne 
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figure!  5.  4f0esib|y  Elaffric  fgnitios*  Elerafcwf 


To  accommodate  this,  a  small  aluminum  sleeve t  1/8  inch  shorter  than 
the  case,  was  slipped  over  the  case  mouth.  ,Thiya  assembly  was  ghen 
dipped  into  epoxy  resin  for  sealing.  The  chemical  composition  of 
the  propellant  used  is  presented  in  Appendix  D. 

® 

Tests  were  conducted  using  a  hand-operated  impulse  generator 
(output,  of  at  least  two  amperes)  to  fire  the  Ignition  elements. 
Pressure-time  curves  were  obtained  usffg  a  Vfsieorde#  a  I*}  a  Djmisco 
(0  to  5000  psig)  miniature  pressure  transput®*. 


Twenty  firings  were  conducted.  A?tef  the  fifth  firing,  since 
the  peak  pressure  recorded  was  Jess  the  SlQifsl*  t.h#  ing^rnal 

initial  volume  was  decreased  f:r«m  0,35  In.  t®  0,30  by  fftsert- 

ing  a  hollow  ring  into  the  propellant  •hambe.®*  Calfylat^flns  for 
the  reduction  of  the  pressure  chambe*  a*j  p® ejected  ^ppaja44x  E» 


LgUICQ 


test  data  obtained. 


typical 


HVCSf 


la 


In  general,  the  results  the  .Jests  w§g»  jdf  Jsfalforf.  ^44 
the  simulated  inoculant  was  {ogice^l  thfouglj  the  ngzzij,  (C»lore<d 
water  was  used  to  simulate  tik,  tb#  fiA®  amtt 

disassembled  after  each  ties I.  and  Jnspej^al,  ®°  evAieiJce 

of  damage  to  either  the  sapphive  nlzzle  ctf  Wte  tfebe  body4  and  there 
was  no  visible  trace  of  propellant  reside  ®n  Hjkb  (h^$|ja$|®n  ®hattSw§. 

With  one  exception  (where  the  fifes  fitcffeedifc),  tzfcet#  was 

no  propellant  blow-by,  indicating  thafc  flu  ffr»gin%0n  th§  piston  ffc? 
satisfactorily  isolated  the  puspeHenfe  ^se@  £$&%  1&L& 

The.  nozzle  clogging  was  due  to  a  defeasije  whiah  pefmitteff 

some  foreign  material  to  plug  the  nezzle*  $hc  materia®  &a9  remg#B^ 
a  new  0-ring  inserted,  and  the  unit  *1*  fofl&tio*  Mfeie* 

factorily . 

High  speed  movies  (2880  frame  s/jeffe®®}*  $0  BOfftW*,  %ere  made  »f 
rounds  15  through  20.  On  rounds  15  throy^i  1§—  Jhe  PA® ®nit  was 
fired  into  flesh-simulating  material  placed  next  t*  Jhe  nozz^s* 

This  material  was  a  gelatin  subsf^Me  fapwwiaifltily  i/4 1*  V9  tank 
thick)  normally  used  for  small  arms  studies.  #he  colored  tWWdlafl® 
penetrated  the  gelatin  material  wit®  a  4ine*  needlS»t|,l!S  slreaif.  A 
container  of  water  placed  ®eh in®  fife  geiafin  material  Was  usef  t> 
receive  the  excess  ejected  i^uid.  Figure  8  is  a  «o4og  fh0t®g®apjj,‘"“’ 
of  the  test  and  shows  penetration  H  «ta  Jejafu  Marital  Cfet 
PAD  percutaneous  medication  infect®*. 
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TABLE  I.  Summary  of  Firing  Data  & 


P.ound 

No. 


Peak 

Pressure 

(psig)  aNot'.ea 


1 

2 

3 

4 

5 


Not  fSeotded 
3600 
3250 
2900 
3400 


1 

2,3 


4 


6 

7 

8 
9 

10 


3200 

1?3<3 

3250 

3750 

3808 


5 

6 


11 

12 

13 

14 

19 


3t70 

0 

3200 

280® 

*SS*t«ef  7 


16 

17 

18 

19 

20 


Ns*  recorded 
Npt  recouped 

Nefc  rc cm4&# 

Nek  seaalMgf  8 

Not  *e£~gde*  9 


Notes : 

1  -  Fifst  ftt at  ftrinf  with  » ■*elb#etf  ifiatge*  ©oasis ting  of  an  M52A3 

primer,  which  is  standard  for  fche  29  mm  round*  The  piston  did 
nek  ecmplete  stnoV.e  #ae  4#  prefsure , 

2  -  Modified  Tl4E2  ignition, element  used  £»  ail  subsequent  firings, 

3  -  An  9. 047-inch  carwboatd.  Vat%.ec?  several  thicknesses  of 

paper,  was  ptaWefl  next  fit  the  U8zzfe  •»  measure  tike  penetration 
Of  the  sfimriiafcei  mc4|4l0a>;t|tA  nUfcnds  t  tfiroegih  f. 

4  -  Initial  volume  #4  pnepelfant  deirsiged  from  <7.35  to 

0.30  in. 3„ 

i  -  BelesU^s  fifties# 

6  ~  Gelatin  44«sh  aiyiwlaiws  #Hfed  £§f  row^fs  £  through  19. 

7  -  Pfessure  ngt  instead,  htgH  spee®  f288(|  frames/secencj) 

«i»«foN  fiefcu#*  tvrufty*  inag  Uiitt  |*r  ill  gMseqeSfti  Pests , 

8  -  Sayptiiri  nozife  (jic^ge^i  ££s|«»  Hi  not  «*gmjl$ete  stroke. 

S'  ■  Sfcnu|4ke4  rctttafcieft  iiwii  taw  free  aftf . 
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'igure  8.  Penetration  of  Simulated  Flesh  (gelatin)  Percutaneous  Medication  Injestor 


CONCLUSIONS 


.,  The  feasibility <®f  the  PAD  percutaneous  medication  inoculation 

unit  has  been  demonstrated.  Thus,  the  basic  concept  as  presented  in 
•  the  Frankford  Arsenal  proposal  (AR.OD  N-61)  has  been  removed  from  the 

realm  of  abstractness. 


RECOMMENDATIONS 


Ik  is  recommended  that  studies  with  the  PAD  percutaneous  unit 
be  continued,  Particular  emphasis  should  be  placed  on  improving  the 
®  P^rfcrii'vti^vC  cafcty  r^ct  crs  oil  tl»o  Iwborstory  tno t  niodsl  to  rnslcs 

it  suitabj^e.  for  tests  on  live  subjects.  Testing  with  live  animals 
would  naturally  precede  personnel  evaluation  studies. 


* 


» 


* 


FUTURE  WORK 


A  aMit  such  as  the  PAD  percutaneous  medication  injection  unit, 
with  its  automatic  feature,  could  be  used  tn  space  travel  or  under 
tBR  (cjjem^eal.,  biological,  and  radiological)  conditions.  For  example: 

S.  In  space  travel,  the  need  for  an  automatic,  remotely  ac¬ 
tuated,  medi$ai4onradministering  device  is  evident.  Such  a  device 
wo«f d  replace  the  presently  self -administered  unit  used  in  space 
£see  Appendix  F) ,  Medications  administered  to  personnel  in  space 
ate  designed  te  help  offset  injuries  and/or  uncomfortable  sensations 
4n  flight*  and  k»  counteract  physical  and  psychological  disabilities 
resulting  <rom  gravitational  differences  or  atmospheric  variations. 

?.  Tferve  gas  is  odorless,  and  the.  Army  has  developed  a  nerve 
gas  fete  cter  (A^pendAt;  6)  which  senses  the  presence  of  such  gas, 
sounds  an  ajarm*  and  causes  Sights  to  flash.  A  spring-loaded  hypo¬ 
dermic  #eei4§  attached  to  a  vial  containing  the  liquid  medication 
(afcr$p4*e)  to  offset  the  effects  of  nerve  gas,  is  currently  avail- 
abia  £»r  use  An  the  field.  She  VAD  percutaneous  me dicatAen- inject ion 
fcnAt,  if  incorporate wtth  such  a  detector  (as  discussed  in  Appendix 
o0»*fd  be  used  49  administer  atropine  automatically  umder  nerve  gas 
attaglf.  This  a^tftmatic  injection  can  be  accomplished  by  means  of  a 
radio  tgaBamitter,  energized  by  the  gas  senior,  and  a  miniature  radio 
retainer,  attached  t*>  the  PAD  unit.  On  receiving  the  transmitted 
^fgnai,  the  radio  receiver  fires  the.  propellant;  charge,  causing  the 
PAD  pettutaneous  unit:  to  inject  the  atropine. 


1.3 


o 


o 


APPENDIX  A 


FORCE -STROKE  DATA  FOR  "MEDL"  UNIT 


A  spring  is  vsed  as  the  source  of  energy  to  force  a  3/8  inch 
diameter  piston  plunger  rod  fwsward  and,  subsequently,  to  force  the 
medication  through  t&e  0.00£1  inch  diameter  sapphire  nozzle.  The 
spring  has  the  following  •haracteristics . 

Initial  Force:  450  lb 
(Pressure  Developed:  4100  psi) 


Final  Force:  50  lb 
(Pressure  Developed:  455  psi) 


8.557  in.  Travel  0 

-4 - -  action 

•*!*• .  • 

•  • 

*  Also,  In  normal  operation  (using  the  spring)  the  unit  e.lects  the 
l.cc  o{  medication  into  free  space  in  approximately  0.45  second.* 


APPENDIX  B 


FF.  AS  TBIT. TTY  STUDY .  PKHFF.r.T  f?AS  TAW  AND  TSENTROPIC  ANALYSIS 


This  analysis  is  based  <>n  an  isentropic  process  which  is  a 
reversible  adiabatic  process  during  whioh  no  heat  is  transferred 
m  to  or  from  the  working  substance.  In  the  Isentropic  process,  the 

warking  substance  loses  or  gains  energy  as  woA.,  but  not  as  trans¬ 
ferred  tieat.  ?<k  %he  aefcual  eperakionuof  the  PAD  unit,  some  heat 

be  |ffst  during  the  thrusfc  cycle.  It  is  also  assumed  that  no 
P*  ston  m8K®jpant  will  be  obtained  from  the  primer  during  gas  evo¬ 
lution.  The  inertia  in  the  meditation  fluid,  dsuBed  by  resistance 
generated  on  its  passage  through  the  orifice,  will  cause  the  in¬ 
itial  to  agt  i*  a  Id eked- shut  manner  during  the  time  of  gas 

6  vOldtiLoft  9 

From  thermodynamic  dhaf aeteristies  •£  all  perfect  gases,  the 
equaj^iitj  •?  stake  ?or  perfect  gas  is 

« 

P^=  nRT  (1) 

E^f  ireal  gases.  Equation  (1)  is  only  approximately  correct 
and  is  normally  corrected  for  the  behavior  of  actual  gases  which 
not  fcfect.i^nless  in  their  behavior  and  are  composed  of  par¬ 
ticles  of  finite  volume.  VanderWaals,  Berthelot,  or  Virial  coef¬ 
ficient  equation  keehniques  are  normally  used  to  do  this.* 

For  this  analysis,  the  approximate  approach  was  used.  Equa¬ 
tion  £l)  may  be  rewritten 

PV  =  g(nRTv)  (2) 


where 

P  =  insiante.ne.ous  pressure  (psA) 

V  =  internal  inifcial  volume  of  device  (in.^) 
g  =  propellant  charge  weight  (lb) 
fnRTV)  =  propellant  impetus ,  I  (in. -lb/lb) 
m  =  number  moles  of  propellent  gas 
R  =  ©niter sal  gas  constant 

Jv  =  ins t a#t. ane ou s  gas  temperature  (*K)  (volume  constant) 


*£ee  pages  2  t4§  L>,  Reference  2. 

o 
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Compute  the.  Internal  Initial  Volume,  V.  of  the  PAD  Percutaneous  Unit:1. 


The  MJSUL  unit'  develops  a  peak  pressure,  r,  of  4100  pal* 


The  modified  T14E2  ignition  element  contains  1  gram  lead 
styphnate  and  3  grains  bail  propellant. 


The  impetus,  I,  of  this  propellant  combination  is  estimated  t9 
be  in  the  order  of  2.5  x  10&  In. “lb/lb. 


Using  Equation  (2)  and  the  above  factors, 

(SWO.IWWW  2'50  *  loS 

;  1  (iDCrfejC2-5  *  i°6) 

V  “  4100 


o 

In; -lb/ lb 


V  =  6^8  to.5 

pressure  and  volume  for  a  working  model  can  be  ex¬ 
pected'  tb  15e  3®me*&aC  less  tha%  that  calculated.  This  is  brought 
about  sjftee  there  will  be  some  heat  losses  from  the  system.'  With 
ghe  design  of  tTie  PAD  test  <lnit  (Figure  2)  ,  the  pressure  can  be  in¬ 
creased^  decreasing  the  chamber  volume. 


APPENDIX  C 


desi'Sn  data  and  .stress'  analysis 


The  adapter  sleeve  is  a  stainless  steel,  cylindrical  tub%  with 
5/8-18NF-2A  external  and  5/8-18NF-2B  internal  threads  on  either  e.ni. 
A  pressure  pick-off  hole  with  1/8- 27^5  threads  fer  mounting  the 
pressure  transducer  is  located  on  one  side  of  the  unit  ^see  Figure  J) 
The  expected  peak  pressure  for  the  test  unit,  whi*h  was  eonsfcrtl^te^ 
for  repeated  firings,  was  4100  psi. 

For  this  analysis,  the  distortion-energy  theory  ftf  failure  £von 
Mises-Hencky) ,  which  is  the  accepted  criteria  for  the  ffesign  of  du8« 
tile  materials  under  combined  loads,  such  as  a  pressure  i/esse^,  was 
used.* 

For  a  biaxial  stress  condition,  the  fallowing  equation  applies#* 
P  -  W2  -  1 


r(3W4  +  1) 


where 


P  =  maximum  pressure  (psi) 

Y  «*  yield  strength  of  material  (psi) 
W  =  wall  ratio,  — 


The  wail  ratio  for  the  PAD  unit  is 


4  t,  OD  .85 
*  W  =  —  =  —TX  =  1.416 
ID  .60 

The  maximum  pressure  for  the  adapter  sieeve  is 


(1.3*6) 2  -  1 
fc  (1.416) ^  + 


160,000 


=  44,300*  psi 

where  Y  =  160,000  psi.,  yield  stress  for  stainless  steel. 


*See  page  29,  Reference  3. 
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Margin  of  Safety: 


MS  = 


44.300 

4100 


-  1  =  2.8 


Length  of  Thread  Engagement 

The  length  of  thread  engagement  is  salculaSed  fr$m  the  following 
equation,* 


L-asS 

Sgd 


(C2) 


where 


L  “  length  sf  thread  engagement  (in *3 
P  =  maximum  internal  pressure  (ps4) 

S8  =>  shear  strength  (psi)  e 

R  «  major  radius  of  female  (max)  (in.} 
d  *>  minor  d  ft  me  ter  of  male  (min)  Cin .) 

Equation  (C2)  incudes  a  1.5  safety  factor  to  allow  Sox  tolerance 
and  the  distribution  of  stress  within  the  engagement. 


•  Nozzle  and  Firing  Head  -  5/8-18NF  Areads^ 

« 

For  this  analysis  the  length  of  thread  engagement  for  the 
nozzle  wac  considered  the  weakest  member  of  the  two  5/8-18NF  threaded 
ends.  The  shea*  stress  for  the  nozzle  materia?  is  50,000  psi,  whereas 
theot.sheaxfttress  for  the  adapter  sleeve  material  is  95,000  psi. 


L 


=■  0.0435  in.  • 


e 


This  design  is  mor%  tfhan  adequate.  The  actual  length  of 
ftl^ead  engagement  is  9.250  ineh* 


Treasure  lapped  Helena  1^8«2jNPTy thready 

*  i  =  aai,oo;.^.ss2a„i 

*  • 

=  0,015?  t*». 

Shis  is  m*re  Aan  a^ffqtSate*  She  aetual  length  of 

tfriead  eftgagemeWt  is  O.l?  tn«h, 

. . . 0  O  " 

*See  page  2$,  Reference  5* 
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appendix  d 


CHEMICAL  COMPONENTS  OF  PROPELLANT 


820  Ball  Propellant 


Nitroglycerin 

Diphenylamine 

Deterrent 

Graphite 

Total  volatiles 

Moisture 

Ash 

Nitrocellulose* 

*Nitrogen  in  nitrocellulose 


9*13%* 
0.97% 
2.50% 
0.217, 
1.35% 
0.89% 
0.9  V/. 

8^>.89% 

13.15% 


100.00% 


M52A3  Primer 


Normal  lead  styphnate 

Barium  nitrate 

Acetylene  black 

Calcium  silicide 

T.N.R.  .(tri-nitro-resorcinol) 

Gum  arable 


40 .0% 
4!+ .  27, 
0.8% 

53 .®% 
1.0% 
1.0% 


loo. 5% 
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APPENDIX  E 


CALCULATIONS  FOR  REDUCTION  OF  PRESSURE  CHAMBER 

(.  0 


* 


Summarized  herein  are  da?c-.??ati«ns  Vo  (Jetefjnine  a  nev?  Jnit.iat, 
volume.  This  was  done  to  increase  the  peak  chamber  pressure  of  the 
PAD  unit.  The  average  presses’  tecorded  fox  J&tee  firings  grounds 
2,  3,  ar>d  4}  was  3600  psi«j  The  MEDL  Cnit  develsps  a  peak  pressure 
of  4100  psi  (Appendix  A}  . 

O 

For  a  reversible  adiabatfc  (I.SefittApi®^  pr^fteSs^ 

PV^  *  Constant  Curing  tile  change 
where  * 


psi)  (  V  in.3)1*3 

l.J 

fn.^ 

The  internal  volume  Uf  the  *i*AV  was  reduced  t®  0.3»  in.^ 

by  inserting  a  1/4  in?h  t.hi«k  holj^w  iisk  Ant®  $he  propellant  chamber. 
The  size  of  the  holfow  disk  tise<i  is  illustrated  below. 


P  =  instantaneous  pressure  (psi) 

V  -  A^teA^ai  Volume  ®f  device  (in.i) 
K  =  ratio,  Cp/cv?  use  tj 

£3600  psi)  (0.35  in.3)1*^  = 

360fl  _  V 
4ioo»  ~  735 

V  =  0.Sl6 


The  0.60  in.  D  is  the  inside  diameter  of  the  internal  vfllume  of  the 
propellant  chamber.  The  0.3^5  An.  D  is  the  outside  diameter  of  the 
plunger  piston. 
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0.60  in 


APPENDIX  F 


Dengs  are  a  vita?  unit  ?n  the  medica?  kit  of  the  astronauts. 

Medicine  at  Work;,  pubjigation  of  the  Pharmaceutical  Manufacturers 
Association,  said  fcl^at:  astlftfiai|ts  A?an  Shepard  and  Virgil  Grissom 
each  tootc  along  four  vials  of  drugs  with  hypodermic  needles  attached  - 
hatjdy  for  prompt#  self  “admi^stratign. 

The  pub??cafiloi»  note<?  that  tiiese  drugs  are  designe#  to  he?p 
offset*  uncomfortable  sensations  in  flight,  injuries,  and  to  coun¬ 
teract  physical  and  psych®logfcal  disabilities  resulting  from  grav¬ 
itational  differences  or  atmospheris  variations. 

• 
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APPENDIX  G 


ARMY  DEVELOPS  DETECTOR  TO  WARN  GIs  OF  SSSV  H#  GAS 


The  Army  has  developed  an  automatic  device  that  can  detect, 
deadly  nerve  gases  in  time  to  save  the  44ves  of  intended  victims. 
Ste  me^hanical-shemieal  alarm  has  been  ordered  into  production, 
the  Arty  said,  and  should  be  in  the  hands  o£  fighting  units  in  a 
"£ew  years."  The  device  was  described  as  "reasonably  foolproof," 
based  on  t,f>00  hours  «£  testing  in  various  climates. 

An  Army  spokesman  said  there  was  no  nerve  gas  known  S®  medi¬ 
cine  s®Uld  n$fc  be  detected  by  the  automatic  alarm,  a  28-lb 

device  somewhat  resembling  a  tape  recorder. 

***** 

The  Arm^  £®inte^  ®ut  that  a  soldier  would  regej,ve  a  fatal  dose 
•£  nerve  gas  if  he  had  t«  depend  «n  hts  own  senses  to  detect  its 
presence.  l?erve  gases  are  odorless,  colorless,  and  do  not  produce 
a  physical  sensation  dntll  the  appearance  Qf  adverse  symptoms, 

Hien  It  Is  too  late  t?8  put.  M  masks  and  apply  treatment. 

Electric  Eves  flaed 

^he  <Jfet:ect®r  contains  a  tape  on  which  a  spot  appears  if  a 
nerve  agent  is  present.  An  elec trig  eye  sees  fche  purplish  spot 
and  pauses  lights  tad  flash  and  horns  «t®  5«und#  The  Army  said  the 
system  would  not  react  to  any  agent,  except  nerve  gas. 

• 

The  alarm  can  be  carried  by  a  soldier,  or  4t  can  be  mounted 
an.  armored  vehicle  or  a  place  at  a  distance  from  a  command  post 
and  ®b  served  Vl$r®i?gh  field  glasses. 

•  • 

It  was  de^e l*ped  by  the  Army  chemical  research  and  development 

lat>ocatortes  aftd  Air  Graft  Armaments,  Inc.,  Cdckeysville ,  Hd. 
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